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Surgical acquired aganglionosis: myth or reality?
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Abstract

Purpose A number of patients operated on for Hirsch-

sprung disease continue to have constipation and abdomi-

nal distension for years after surgery. Some authors have

proposed that ischemia during surgery may induce sec-

ondary aganglionosis. The aim of the present study was to

study the effects of ischemia on the enteric nervous system

of sigmoid colon in an animal model.

Methods A surgical model of colonic ischemia was cre-

ated. 34 adult Sprague–Dawley rats underwent a laparot-

omy where the marginal arterioles of the sigmoid colon

were ligated. After that, a section in the middle segment of

the sigmoid colon was performed followed by an anasto-

mosis. The presence of ischemia was assessed by mea-

surement of visible light spectroscopy tissue oximetry and

histological examination. Colonic function was assessed by

evaluation of stool weight. Rats were killed at 1, 8 and

12 weeks after the operation. 12 rats were sham-operated.

Enteric nervous system was evaluated by means of

immunohistochemistry with NGFR p75. Quantitative ana-

lysis of the number of ganglia and ganglion cells in the

myenteric plexus was performed.

Results The surgical model of colonic ischemia significantly

decreased tissue oxygenation (pre-surgical = 54.69 ± 7.32 %;

post-surgical = 27.37 ± 9.2 %; p \ 0.001). There was no

disturbance in body-weight gaining in experimental

groups and daily stool output did not vary after surgery

(pre-surgical = 4.24 ± 0.94 g; post-surgical = 3.82 ± 1 g;

p = 0.09). All experimental groups showed persistent gan-

glia. However, there was a significant decrease in the number

of ganglia in all the experimental groups compared to control

(1w: 45.91 ± 7.66; 8w: 44.17 ± 10.56; 12w: 36.17 ± 15.06

vs control: 56.88 ± 8.66; p \ 0.01). The number of total

ganglion cells was significantly reduced only in the experi-

mental group killed at week 12 compared to control

(1w: 539 ± 167.58; 8w: 488.58 ± 154.41; 12w:

343.94 ± 161.91 vs control: 513.96 ± 126.97; p \ 0.01).

The rate of ganglion cells per ganglia was signifi-

cantly higher in the groups killed at week 1 and 8 versus

control group (1w: 11.63 ± 2.53; 8w: 11.11 ± 2.56; 12w:

9.34 ± 1.16 vs control: 9.02 ± 1.81; p \ 0.05).

Conclusion Long-term follow-up after surgically induced

colonic ischemia in the rat showed a decreased number of

ganglion cells and ganglia. Nevertheless, it did not produce

aganglionosis.

Keywords Postoperative aganglionosis � Postoperative

persistent obstructive symptoms � Hirschsprung disease �
Intestinal ischemia

Background and purpose

Hirschsprunǵs disease (HD) is a congenital condition

characterized by the absence of ganglion cells in the distal

bowel, affecting one in 5,000 born children [1]. The

treatment consists of surgical resection of the aganglionic

segment followed by a pulled through of normally inner-

vated colon. However, a number of patients varying

between 6 and 42 % continue to have long-term persistent
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obstructive symptoms [2–6]. As proposed by Langer in his

diagnostic and therapeutic algorithm these obstructive

symptoms may be secondary to: mechanical obstruction,

internal sphincter achalasia, intestinal motility disorder,

functional megacolon, recurrent or acquired aganglionosis;

on his publication he mentions that the later ‘‘acquired

aganglionosis’’ remains one of the controversial element of

his algorithm [3]. Some authors have also hypothesized

that persistent obstructive symptoms may be secondary to

postoperative acquired aganglionosis as a consequence of

ischemia during surgery [2, 3, 7–11].

The aim of the present study was to investigate the

effects of ischemia on the enteric nervous system of sig-

moid colon by means of a surgically created animal model.

Methods

Thirty four adult Sprague–Dawley rats weighing

250–400 g were randomly divided into two groups: control

and experimental group. The Ethics Committee of the

Universidad de Valparaı́so approved all the animal exper-

iments under the Manual for Biosecurity, by the Scientific

and Technological National Commission (CONICYT,

2008).

Animal model and assessment of colonic ischemia

The animals underwent general anesthesia through an

intraperitoneal injection of xylazine hydrochloride

(7.5 mg/kg) and ketamine hydrochloride (50 mg/kg).

In the experimental group a 8 cm midline suprapubic

skin incision was made, the fascia was reflected, the peri-

toneum was opened, the intestines were retracted laterally

for better exposure and sigmoid colon was identified. After

that colonic ischemia was created by ligating the marginal

arterioles in a length of 5 cm using prolene 5-0 followed by

a section in the middle of the ligated segment and an

anastomosis with running suture using prolene 8-0 under a

surgical microscope (Mentor CM6X). Bowel humidifica-

tion was maintained with constant instillation of saline

solution. After that, abdominal wall was closed in two

layers.

Ischemia was assessed in the colon prior ligation and

after ligation and anastomosis, with a 1.5 mm fiberoptic

catheter-based visible light spectroscopy oximeter (T-Stat

303 Microvascular Oximeter, Spectros, Portola Valley,

Calif, USA). The probe was positioned on the serosal

surface and the tissue hemoglobin oxygen saturation was

measured for a mean period of 3 min.

On weeks 1, 8 and 12 after surgery rats were anesthe-

tized with the same protocol mentioned above. A laparot-

omy was performed, adhesions were carefully dissected

and a segment of 1 cm above and below the anastomosis

was resected. Rats were then killed by an intracardiac

injection of potassium chloride solution. Specimens were

kept in 4 % paraformaldehyde solution until inclusion in

paraffin.

Control group consisted in a laparotomy, blunt manip-

ulation of intestines, oximetry assessment with visible light

spectroscopy and collection of sigmoid colon specimens.

Histological sections of sigmoid colon from control and

experimental groups were stained with hematoxylin–eosin

and were blindly reviewed by an expert pathologist seeking

for histological findings of ischemia according to a previ-

ously described protocol [12].

Assessment of effect of ischemia on ganglia

and ganglion cells

Five millimetre thick histological sections were processed

for immunohistochemistry with Anti-p75 Nerve growth

factor receptor antibody (NGFR p75) according to the

following protocol: paraffin-waxed sections were depa-

raffinized, rehydrated, and then subjected to antigen

retrieval by steam heating for 15 min in pH 6 citrate

buffer at 95 �C. Sections were incubated with 3 %

hydrogen peroxide for 30 min to remove endogenous

peroxidase activity and then washed with PBS 19 three

times. After that sections were blocked with Cas-block

(30 min) and goat serum (30 min) at room temperature,

and then incubated overnight at 4 �C with primary anti-

body Anti-p75 NGF receptor with a dilution of 1:500

(Rabbit polyclonal, ab8874, Abcam�). Next day, after

three consecutive washes with PBS 19, they were incu-

bated with goat serum anti-rabbit IgG (H?L) (1:500;

Invitrogen�) conjugated with peroxidase (60 min). Vec-

tor� Nova Red, horseradish-peroxidase (HRP)-chromogen

was applied on slides for 30 s. Sections were counter-

stained in Harris hematoxylin.

At least two sections from each specimen were observed

under a light microscope (Olympus� CX21). The number

of ganglia in the myenteric plexus in each section as well

as the number of cells in each ganglia were counted.

Sections were microphotographed with objectives 109

and 409 (Olympus� CX 81 microscope, digital camera

DP71 and software DP Controller, Olympus�.). The area of

the section occupied by ganglia was measured using an

image processing software (Image-Pro, MediaCybernetic�).

Assessment of functional effect of colonic ischemia

Rat body weight was registered prior to surgery and at the

day of sacrifice. Fecal output was assessed 10 days before

and 21 days after surgery, by weighing dry feces every

24 h according to a previously described technique [13].
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Statistical analyses

Statistical analyses of data were performed with StataSE

12, StataCorp� using non-parametric tests. Differences

among measurement in the same rat (tissue oxygenation

and deposition weight) were analyzed using Wilcoxon

signed-rank test, and differences among groups were

assessed using the Mann–Whitney U test. p value \0.05

was considered to be statistically significant.

Results

Induced colonic ischemia assessment

Tissue oxygen saturation of the sigmoid colon before sur-

gery procedure was 55.44 ± 8.69 %. After surgery, tissue

oxygen saturation dropped to 25 ± 8.44 % (Table 1).

In the group killed at week 1, there was inflammatory

infiltration in all the sections and variable grades of edema and

crypts distortion; alterations corresponded to grade 1 and 2 of

Chiu classification [12]. Some sections evidenced reparative

changes in epithelium (diminished numbers of crypts). There

were no significant alterations in the histological observations

of experimental groups killed after 8 and 12 weeks.

Enteric nervous system assessment

In the control group, the mean number of ganglia was

56.88 ± 8.66 and the number of ganglion cells per ganglia

was 513.96 ± 126.97 (Table 2).

Ganglion cells and ganglia were visible in all experimental

groups regardless of the time of sacrifice. No postoperative

aganglionosis was found in this study. However, a significant

reduction in the number of ganglia was found at 1, 8 and

12 weeks after surgery in the experimental group. Total

number of ganglion cells per section was similar to control

group at 1 and 8 weeks after surgery but were significantly

reduced on postoperative week 12. The number of ganglion

cells per ganglia was higher at week 1 and 8 compared to

control group; at week 12 the number of ganglion cells per

ganglia was similar to control (Table 2; Fig. 1).

Ganglia area measurement

Ganglia area in the control group was 0.0544

± 0.0241 mm2. Ganglia area in all experimental groups

was reduced. This reduction was significant on postopera-

tive weeks 1 and 12 (Table 3).

Body weight

There was no variation of body weight between pre and

postoperative measurements in the group of rats killed on

week 1. Preoperative and postoperative body weight of rats

killed on week 8 were 273 ± 17.18 and 315.6 ± 43.49 g,

respectively, with and weight gaining of 5.33 ± 4.41 g per

week. Preoperative and postoperative body weight of rats

killed on week 12 were 293.57 ± 21.06 and 349.14

± 31.75 g, respectively, with and weight gaining of 6.94

± 2.32 g per week. No rat showed failure to thrive during

the experiment.

Fecal output measurement

We measured 24 h fecal output of rats in the experimental

group 10 days before and 21 days after surgery. Preoper-

ative daily fecal output was 4.24 ± 0.94 g. Postoperative

daily fecal output was 3.82 ± 1 g. There was no significant

change in the overall fecal output (p = 0.09).

Discussion

The majority of children operated on for Hirschsprung’s

disease have a good outcome. However, long-term follow-up

Table 1 Bowel ischemia assessment with visible light spectroscopy

Before bowel surgery

(mean ± SD),

n = 22

After bowel surgery

(mean ± SD),

n = 22

p value

Tissue

oxygen

saturation

55.44 ± 8.69 % 25 ± 8.44 % \ 0.01

Table 2 Number of ganglia

and ganglion cells per section in

control and ischemic bowel

* p \ 0.01 versus control group

** p \ 0.05 versus control group

Control

(mean ± SD),

n = 12

1 week after bowel

ischemia

(mean ± SD), n = 10

8 weeks after bowel

ischemia

(mean ± SD), n = 5

12 weeks after bowel

ischemia

(mean ± SD), n = 7

Number of

ganglia

56.88 ± 8.66 45.91 ± 7.66* 44.17 ± 10.56* 36.17 ± 15.06*

Number of

ganglion cells

513.96 ± 126.97 539 ± 167.58 488.58 ± 154.41 343.94 ± 161.91*

Number of

ganglion cells

per ganglia

9.02 ± 1.81 11.63 ± 2.53* 11.11 ± 2.56** 9.34 ± 1.16
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Fig. 1 Ganglion cells in the myenteric plexus of the distal rat colon in control and experimental groups with NGFR p75 immunohistochemistry.

a Control group. b 1 week after bowel ischemia. c 8 weeks after bowel ischemia. d 12 weeks after bowel ischemia
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shows that a number of patients continue to have signifi-

cant residual problems. Twenty years ago, Marty et al. [14]

reported a 7.5 % incidence of persistent obstructive

symptoms after surgery for HD in a large series of patients.

Recently, Menezes et al. [15] reported a 30 % incidence of

postoperative obstructive symptoms, and Chumpitazi et al.

[16] described an incidence up to 88 %. These authors have

suggested that previous reports had underestimated the

incidence of residual problems after surgery. Postoperative

obstructive symptoms may be secondary to surgical com-

plications like anastomotic stricture or a twisted pull-

through. They may be also secondary to a residual dys-

ganglionosis or a residual aganglionosis: either a retained

aganglionic rectum or an aganglionic bowel pull-through.

In 1965, Ehrenpreis [17] described for the first time the

presence of postoperative acquired aganglionosis; he

hypothesized that vascular disturbance at the time of the

first pull-through surgery in a 2-years-old girl may have

caused degeneration of ganglion cells in the narrow seg-

ment of colon resected 4 years later for obstructive

symptoms. Since Ehrenpreis description, postoperative

acquired aganglionosis secondary to surgical ischemia has

been mentioned in the specialized literature as a possible

cause of long-term persistent obstructive symptoms by

many authors [2–4, 7–10, 18]. Cohen et al. [8] referred it to

be present in about 1.5 % of operated patients. Langer et al.

[3] found that 10 of the 49 reoperated children for severe

obstructive symptoms had aganglionosis on new rectal

biopsies. Review of all the original pull-through specimens

showed aganglionosis or hypoganglionosis in only three of

them. Moore et al. described a 14 % incidence of persistent

obstructive symptoms after pull-through surgery. New

rectal biopsies of these patients showed aganglionosis in

29 % and features of intestinal neuronal dysplasia in 64 %

of them [19].

Although present in the literature for a long time, most

animal models study the effects of ischemia–reperfusion on

intestinal motility [20, 21]. However, few experimental

studies have focused on the consequences of pure colonic

ischemia on the enteric nervous system. Moreover, these

studies have shown contradictory results [22, 23].

In the present study, we obtained a model of ischemia by

a surgical procedure that involves section of bowel and

termino-terminal anastomosis, mimicking the surgical

procedure that is performed in patients with HD. In our

study, effective postoperative ischemia was demonstrated

by means of tissue oximetry, which constitutes a precise

and objective measurement, and also by means of

histopathology.

In the present study follow-up of histological changes as

long as 12 postoperative weeks, about 7 human years in rat

age [24, 25], did not show aganglionosis. These findings

clearly reflect to what others have previously showed: De

Villiers [23] also disproved the theory of ischemia as being

causative of colonic aganglionosis in an experimental

animal model in dogs.

However, our study evidenced a significant reduction in

the number of ganglia in all the experimental groups;

supporting this finding, the area occupied by ganglia was

decreased in all experimental groups. It was interesting to

note that the number of ganglion cells remained similar to

control group on experimental weeks 1 and 8. As a con-

sequence, the number of ganglion cells per ganglia was

higher in these groups. These results may be explained by

an initial loss of small ganglia, containing \3 cells, soon

after bowel ischemia.

On long-term follow-up at 12 weeks post bowel ische-

mia there was not only a reduction in the number of ganglia

but also an important reduction in the absolute number of

ganglion cells per section. As a consequence of the later,

the number of ganglion cells per ganglia rate remained the

same.

Ikeda et al. [26] evidenced that the major mode of cell

death in rats’ small intestinal epithelial cells induced by

ischemia–reperfusion was apoptosis. Kondo et al. [27]

evidenced neuronal death in rats’ brain even 1 year after

transient forebrain ischemia–reperfusion injury. Yang et al.

[28] observed that the hypoxia-inducible factor (HIF)—a

factor that modulates adaptive and protective mechanism,

triggered by hypoxia, ischemia, and other patho-physio-

logical conditions—increases in rat hippocampus during

chronic ischemia. But the expression of downstream genes,

some of which are pro-apoptotic whereas others are pro-

survival, are up regulated in the early stage of hypoperfu-

sion, thus the lack of protective effect of HIF. Winerdal

et al. [29] also evaluated long lasting effect of hypoxia in

central nervous system of rats showing that inflammatory

cells are still active even after 3 months of follow-up. We

believe that our findings might also be explained by

apoptosis of ganglion cells mediated by trophic factors and

Table 3 Area of ganglia

Control (mean ± SD),

n = 12

1 week after bowel ischemia

(mean ± SD), n = 10

8 weeks after bowel ischemia

(mean ± SD), n = 5

12 weeks after bowel ischemia

(mean ± SD), n = 7

Area of

ganglia

0.0544 ± 0.0241 mm2 0.0308 ± 0.0081 mm2, * 0.0399 ± 0.0014 mm2 0.0299 ± 0.0139 mm2, *

* p \ 0.01 versus control group
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modulation cells. These mechanisms may be subject of

further studies.

Silva et al. [30] in their study of ganglion cells charac-

teristic in ischemia–reperfusion model, found that there

was a significant decrease in the stool output on day 21st

after surgery in the group with the longest period of

ischemia. However Hukuhara et al. [20] studied selective

ischemia in the colon of dog model; they observed histo-

logical alteration of all the ganglion cells, however no

functional repercussion was evident in up to 350 days.

Suzuki et al. [21] investigated the effects of ischemia–

reperfusion on intestinal motility and showed that motility

alterations were reversible up to the 14th post-surgical day.

In our study there was not any significant difference in the

stool output after surgery, neither was any disturbance in

weight gaining; thus we concluded that there was no

functional effect of surgically induced colonic ischemia.

In conclusion, the present study does not support the

presence of aganglionosis after surgically induced ischemia

on sigmoid colon of rats. There is a reduction of ganglia

and ganglion cells in long-term follow-up with no associ-

ated motility disorders.
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